Introduction
The uniqueness of mild steel among other metallic materials can undoubtedly be associated with its very wide application and its usefulness in domestic, services, construction, marine, industrial and engineering purposes. The challenge, however, is that the metal is subject to environmental/corrosive degradation in service. Chemical inhibitors -the chemical compounds that are adsorbed on the metal surfaces to control, prevent and/or minimize destructive corrosion reactions processes are used, among other means to mitigate this destructive phenomenon. The significance of this metal protection process in diverse areas of applications has necessitated the keen interest in research in corrosion chemical inhibition by various corrosion scientists among others. [1] [2] [3] [4] [5] In this work, benzamide ( Fig. 1 ) was used as the corrosion chemical inhibitor for mild steel in sulphuric acid. This chemical's other names include benzoic acid amide; benzoylamide, phenylcarboxyamide, and phenylcarboxamide. Benzamide is a derivative of benzoic acid and has the chemical formula C 6 H 5 CONH 2 or C 7 H 7 NO. It has a molecular weight (M.W.) of 121.13658 g mol -1 . It can be described as a crystal obtained by the action of ammonia on benzoyl chloride. Among its many uses is as a base for antipsychotic treatments. 6 Also, chemical derivatives of benzamide are widely used in therapeutics. These have been described to include analgesics (e.g. salicylamide), antiemetics (e.g. metoclopramide), antipsychotics (e.g. sultopride) and other agents. 7 Benzamide was used to study the mechanism of photocatalytic decomposition of aqueous solution of acetic acid, acetamide and acetonitrile in the presence of semiconductors. 8 It was, in addition, used to develop a versatile screening method to study biotransformations using (+)-ã-lactamase enzyme. 9 On radioiodination by different labelling procedures, benzamide has been reported to result in large-scale production of radioiodinated benzamides that have potential therapeutic application for patients with metastatic malignant melanoma. 10 As previously expressed, 12 sulphuric acid, used as the test medium in this work, is a highly corrosive, strong mineral acid with many industrial uses. Molecule of sulphuric acid, H 2 SO 4 has more than one ionizable hydrogen atoms and is thus called polyprotic acid. The ionization of this acid occurs in two steps, with the molecule losing one proton at a time: Its complete dissociation enhances more reactive corrosion reactions. Sulphuric acid is a powerful protonating agent. It is also a moderately strong oxidizing agent. The acid is also a powerful dehydrating agent. In dilute solution, sulphuric acid is a strong dibasic acid forming two series of salts.
14 Its multifarious use in diverse areas of industry accounts for its being selected for use in this work.
The structure and chemistry of benzamide is expected to give an appreciable amount of electrochemical activities of corrosion inhibition of the mild steel in the corrosive sulphuric acid environment used in this work. It is anticipated that the results emanating from this research work will be of technological and economic benefits.
Materials and Methods

Materials Preparation
The cylindrical mild steel sample of 13 mm diameter was each cut into average size of 13 mm × 10 mm coupons for weight loss measurements and also for potentiostatic polarization measurements. Test samples used for the weight loss experiment were de-scaled with a wire brush, ground with various grades of emery paper and then polished to 6 µm. They were further rinsed in distilled water to remove any corrosion products and then cleaned with acetone to degrease. The samples were fully immersed thereafter preventing further exposure to moisture in the atmosphere. Another set of samples for the corrosion polarization experiments were cleaned in the same manner as those for the weight loss experiment. They were subsequently mounted in resin to ensure that only the tested surface of the sample was exposed to the corrosive medium. Before mounting, copper wire was spot-welded to each of the samples. The surface of the samples were thoroughly cleaned and prepared for experimental use with silicon carbide papers of up to 1000 grade before being cleansed in distilled water and dried with acetone. Different weights of benzamide -1, 2, 3, and 4 g were made and then prepared into the various per cent concentrations used.
Experimental Setup
The experiments were set up in six different environments, one control experiment and five other experiments with different concentrations of the inhibitor (benzamide) in 0.5 M H 2 SO 4 . The benzamide inhibitor concentrations used were: 1, 2, 3, and 4 g 200 mL -1 H 2 SO 4 , respectively.
Weight Loss Experiments
Weighed test species were fully and separately immersed in 200 mL of the test environment at specific concentrations of the inhibitors for 480 h at room temperature. The method involves exposing a specimen of material to a process environment over a period of time, taking the weight of the sample at a time interval. Each of the test samples was taken out every 48 h, washed with distilled water, rinsed with acetone, dried and re-weighed. Plots of weight loss (g), corrosion rate (mm yr -1 ) and percentage inhibition efficiency (% IE) versus exposure time in hours were made from the readings recorded in the tables.
From the weight loss data, corrosion rate (C r ) values were calculated from the equation: 
Potentiostatic Polarization Experiments
The electrochemical polarization techniques were performed on the prepared test specimens immersed in the sulphuric acid test environment with and without the addition of various inhibitor concentrations. Tafel plots were generated in this experiment by polarizing the specimen about 300 mV in the anodic direction (positive-going potential) and cathodically (negative-going potential) from the corrosion potential, Ecorr. The resulting current is plotted on a logarithmic scale. The data generated include current density, corrosion rate, and polarization resistance. The result summary is presented in Table 1 . The curves generated from the results are given in Figs. 5-9.
Optical Microscopy/Micrographs
Photomicrographs were made of the unused and of the relevant and selected surfaces of the test samples after use for weight loss experiments.
Results and Discussion
The results of the experiments carried out revealed the different weight loss and corrosion rate values of mild steel. Based on the data obtained from the experiment, table was drawn and graphs were plotted.
Weight Loss Method
The results obtained for the weight loss of the mild steel immersed in 0.5 M H 2 SO 4 with and without benzamide (C 7 H 7 NO) addition in different concentrations are presented in Fig. 2 and the corresponding corrosion rate in Fig. 3 . The test without benzamide recorded the highest amount of weight loss that ranged between 6.44 and 6.72 mg during the duration of the experiment. The weight loss decreased with the increase in the inhibitor concentration. The lowest weight loss values were achieved by the 3 and 4 g of benzamide in 200 mL -1 H 2 SO 4 . These inhibitor concentrations recorded about the same values of weight loss from the beginning up to the 264 h (11 days) of the experiment; after which the 3 g 200 mL -1 H 2 SO 4 concentration showed lower weight loss to the end of the experiment. In general, the benzamide inhibitor could be said to be effective in corrosion inhibition of mild steel in the sulphuric acid strength (0.5 M) used.
The curves in Fig. 3 show that corrosion rate decreased with exposure time for all the tested specimens at all the concentrations used. The observed phenomenon could be associated with the slower corrosion reactions emanating from the weak test environment due to contamination by the corroding test metal in solution. The graph further reveals that the sample with the highest inhibitor concentration had the lowest corrosion rate. Furthermore corrosion deposit from the corroding electrode could cause passivation on the electrode surface. Passivation refers to a material becoming less affected by environmental factors. It involves a shielding outer layer of base material which may be applied as micro coating, or which occurs spontaneously in nature. Figure 4 shows the curves of inhibition efficiency with the exposure time. The results of inhibitor efficiency reveal that after 48 h (2 days), 4 g of benzamide in 200 mL H 2 SO 4 showed the highest inhibition efficiency which was slightly above 70 %. After 480 h (20 days) of exposure time in sulphuric acid, 3 g and 4 g of benzamide in 200 mL H 2 SO 4 gave a good performance achieving inhibition efficiency of 61 % and 55.5 %, respectively.
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Potentiostatic Polarization Method
The electrochemical variables such as corrosion potential (Ecorr), corrosion current (icorr), cathodic Tafel constant (bc), anodic Tafel constant (ba), corrosion rate (mm yr -1 ) and polarization resistance (W) with their values are presented in Table 1 . The curves generated for different concentrations of benzamide used in the test medium as inhibitor of mild steel are presented in Figs. 5-9.
In Table 1 , the concentration 4 g 200 mL -1 H 2 SO 4 , with the lowest current density (Icorr) exhibits the best inhibitive characteristics. It also has the lowest corrosion rate and the highest polarization resistance which show it be the most effective concentration. There is an anodic and cathodic Tafel constant for all the inhibitor concentrations. This indicates that benzamide is a mixed type inhibitor. The control experiment that has no inhibitor addition had the highest corrosion magnitude as indicated by the overall polarization results.
This polarization test shows that benzamide significantly alters the electrochemical process responsible for corrosion. In addition, changes in the cathodic and anodic Tafel constants in the presence of benzamide in contrast with the control concentration signify the suppression of redox reactions associated with the corrosion process by the surface blocking effect of the inhibitor generated film. The inhibitive action of the inhibitor is related to its adsorption and formation of a compact barrier film on the metal electrode surface. This is further indicated by the values of the corrosion current of the tests with inhibitor in comparison with the corrosion current test values of the tests without inhibitor addition -the control experimental results.
Thermodynamics and Adsorption Studies
Molecular adsorption can further be used to explain corrosion inhibition. The chemical structures of organic compounds, the distribution of charge in molecule, the nature and surface charge of metal and the type of aggressive media are known to influence the adsorption process. 15 Investigation of the likely mode of adsorption is necessary. This is achieved by putting to test the experimental data obtained with several adsorption isotherms. The value of k which is the adsorption equilibrium constant and the standard free energy of Freundlich adsorption isotherm gives the best fit and it is given by the relations 17 :
where è is the degree of surface coverage, K and n are coefficients and C is the inhibitor concentration. The linear regression obtained by plotting the graph of Log C against Log è is 0.770 as presented in Fig. 10 .
Optical Microscopy (Photomicrographs)
Two representative micrographs made among others are presented in Figs. 11 and 12 . Figure 11 shows the micrograph of the unpolished weight loss test samples immersed in 0.5 M H 2 SO 4 without benzamide inhibitor addition -this is the control experiment. Though the quality of the photomicrograph is low, severe corrosion of the surface could be observed. In Fig. 12 , the low concentration of the benzamide, 2 mg 200 mL -1 H 2 SO 4 , still show improved surface corrosion resistance of the mild steel in sulphuric acid. It thus confirms the effectiveness of benzamide as an inhibitor of the metal in the strong acid. As earlier explained, benzamide provided the surface film on the metal that stood as a barrier between the metal and the acid test environment. This reduced the active corrosion reactions at the metal-acid interface.
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Benzamide consists among others, nitrogen (N), and oxygen (O). These are heteroatoms, present in the ring structure of benzamide's chemical constituents. These constituents are known 18 to have remarkable inhibitory effect which facilitates their adsorption on the metal surface in the sequence O < N. The inhibition efficiency of an inhibitor such as benzamide, may therefore, depend also on the structure of the inhibitor itself. This includes the number of adsorption active centres in the molecule, the charge density, the molecular size, the mode of adsorption and the formation of metallic complexes. 19 In general, compounds of organic origin are known to have good corrosion inhibition characteristics for mild steel in acidic environments. [20] [21] [22] [23] [24] [25] From this research work, benzamine as an organic compound can be considered as one of such compounds with very appreciable corrosion inhibition in strong acid like H 2 SO 4 even at low concentrations as obtained in this investigation. Benzamide can also be considered as an environmentally friendly inhibitor among many others that are currently receiving significant research attention in corrosion protection studies. [26] [27] [28] [29] [30] [31] [32] [33] The results of the electrochemical tests obtained here are very much in agreement with the gravimetric tests. An appreciable effectiveness of the inhibitory properties of benzamide in the H 2 SO 4 test environments is achieved. The results of the extract concentrations affected both the anodic and cathodic reactions according to the Tafel slope (ba and bc) values in Table 1 and thus confirms the benzamide inhibitor to be a mixed type inhibitor in sulphuric acid test environment. Thermodynamic evaluation confirms the adsorption mechanism to be physiosorption on the steel surface. As earlier mentioned, the adsorption obeyed the Freundlich adsorption isotherm.
Conclusion
From the experiments carried out and from careful analysis and comparisons of the various test samples against the controls, these following conclusions are made:
• Benzamide acted as a mixed inhibitor for mild steel in acidic medium (sulphuric acid). It exhibited up to 70 % inhibition efficiency in a concentration of 4 g 200 mL -1 H 2 SO 4 over 48 h of exposure time.
• Benzamide exhibited more than 70 % inhibition efficiency after 48 h with 4 g 200 mL 
